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around the circumference. In practice it is difficult to conform to the exact theo¬ 
retical shape. However, any reasonable approximation to this design may be better 
than an ordinary ring of uniform cross section. In the final analysis the choice will 
depend on a particular design application and the quality of manufacture. The 
main objection to the tapered or variable section design is the additional clearance 
found on the thin side of the ring if one assumes that the depth of the groove in the 
piston is constant around the circumference. Such an additional clearance creates 
an easier passage for gas or steam. 

The method of assembly of the piston ring indicates that there must be two 
separate conditions for which the ring should be designed. In the first place the 
ring must be sprung open enough to allow it to go over the piston. This action 
causes strains within the ring. Hence, the ring must be proportioned in such a way 
as not to overstress the material. After the ring is inserted into the piston groove, 
the ring undergoes compression to the cylinder size on assembly, and corresponding 
maximum bending stress should be about the same as that experienced during the 
process of springing the ring open. In both cases, of course, the stress may be 
greatest at a point opposite the joint. The margin of safety will depend on the 
amount of expanding and compressing of the ring and on the quality of the ring 
material. Certain rules of thumb indicate that a piston ring of uniform cross section 
made of good cast iron can have thickness on the order of 1/32 of the cylinder 
diameter in order not to break during the spring-open phase of the assembly. The 
maximum thickness of the variable cross-section ring, using the same criteria, can 
be equal to 1/28 of the cylinder diameter. The ratios of ring width to maximum 
thickness appear to differ for various manufacturers, with the upper value seldom 
exceeding 1.5. For reasons of decreasing the contact pressure, the ratio of width to 
thickness can be made higher. However, this and other rough rules of thumb serve 
only as the first approximation and are no substitute for detailed design analysis. 
This is particularly true in the case of the amount of cutout of the ring. 

The choice of piston ring materials depends primarily on the required resistance 
to wear. This property is influenced by such factors as sliding velocity, temperature, 
mechanical load, and frequency of engine use. Other chronic causes of trouble 
include airborne particles of dirt, corrosion, and insufficient quality of lubrication. 
The most common material for piston rings in the United States is gray cast iron 
in the range 40,000 to 50,000 psi. Occasionally, steels of the type 1070 and 52100 
could be used, on the basis of their resistance to abrasive wear. Iron and steel 
rings are sometimes chromium plated for the purpose of reducing the rate of wear 
in such applications as heavy-duty diesel engines, natural gas engines, and in some 
cases passenger cars. The disadvantage here is that chromium plating can reduce 
the fatigue limit of a particular part, leading to a requirement for higher-strength 
varieties of steel or cast iron. In some instances bronze piston rings are used in steam 
locomotive design. However, this material is unsuitable for internal combustion 
engines, where higher temperatures are encountered. Whatever the choice of the 
material, it is well to keep in mind the rule that the piston ring should not be 
appreciably harder than the cylinder wall. Otherwise, the more expensive item, 
such as the engine cylinder, will wear more rapidly than the inexpensive piston ring. 
The rate of wear is known to decrease linearly with increase in surface hardness. 
In some cases of piston ring manufacture for reciprocating internal combustion 
engines, a surface layer is formed by flame spraying a mixture of molybdenum 



